 We use a simple monetary reward task to elicit neural activity to gains and losses in approximately 250 adolescent females who were 8-14 years old at baseline, at two time points separated by approximately two years.  At baseline, ERPs to gains were more correlated with age than ERPs to losses; at followup, ERPs to gains and losses were equally related to age.
Electroencephalography (EEG) research has focused on a difference in the event-related potential (ERP) following feedback indicating monetary gains versus losses. Following the presentation of loss, the ERP is characterized by a relative negativity that has been referred to as the feedbackrelated negativity (FRN; Miltner et al., 1997), feedback error-related negativity (Holroyd & Coles, 2002) , or feedback negativity (FN; Yeung, Holroyd, Cohen 2004) . Many early studies interpreted the relative negativity as reflecting the evaluation of outcomes as worse than anticipated (e.g., Holroyd & Coles 2002) . More recently, however, researchers have emphasized the possibility that the difference between gains and losses is driven by variability in the response to gains. For instance, Holroyd, Pakzad-Vaezi and Krigolson (2008) showed that the FRN has similar characteristics as the N200, and provided evidence that a reward positivity (RewP) may suppress the N200 following the presentation of reward feedback. Others have similarly suggested that reward-related ERPs are characterized by a RewP that is absent or reduced on non-reward trials Adolescence is a particularly salient developmental period insofar as it has been characterized by increased reward sensitivity (Van Leijenhorst, Moor, de Macks, Rombouts, Westenberg, Crone, 2010; Urosevic, Collins, Muetzel, Lim and Luciana, 2012; Galvan, 2010) ; paradoxically, adolescence is distinguished by rapid increases in depressive symptoms and syndromes (Lewinsohn, Clarke, Seeley and Rohde, 1994) . However, few studies have systematically examined developmental changes in the ERP response to gains and losses. That is, it is unclear whether developmental changes around adolescence are characterized by increases in neural response to reward specifically, or if both neural responses to gains and losses are increasing during adolescence.
Several studies in adolescents have examined the cross-sectional relationship between age and ERPs to gains and losses, as well as the relationship between age and the difference between gains and losses. Zottoli and Grose-Fifer (2012) reported that adolescent males (14-17 years old) had larger ERPs to both gain and loss than adult males (22-26 years old). Compared to young adults (19-24 years old), another study found that early adolescents (i.e., ages 10 -12) had larger ERPs to negative but not positive feedback (Eppinger, Mock and Kray, 2009 
adolescents (14-17 years old) and young adults (18-23 years old)-and found no age-related differences across the groups.
All of the aforementioned research studies were between-subject investigations that correlated age with ERP scores, or examined between-group differences in ERP scores; thus, past research has been limited by a lack of within-subject longitudinal data. An investigation by Kujawa et al. (2017) assessed developmental changes in ERPs to gains and losses in a sample of 75 children who were followed from late childhood to early and middle adolescence using a simple gambling paradigm similar to the present study. Utilizing mean activity of the ERPs from 250 to 350 ms following feedback, Kujawa and colleagues found that the ERP responses to gains and losses did not significantly increase from late childhood to early and middle adolescence 1 .
Overall, studies that have examined age-related effects on ERP responses to gains and losses using cross-sectional experimental designs have yielded conflicting results. Although adolescence is frequently discussed as a developmental period characterized by increased reward sensitivity, only a subset of ERP studies supports this view-though the vast majority have not examined longitudinal changes within adolescence. This may be partially explained by methodological variation in how the ERP components were scored, as well as variation in the complexity of the paradigms used to elicit ERP components. The primary goal of the current study was to examine longitudinal changes in the ERP response to both gains and losses over a two-year period using a within-subject experimental design in a large sample of adolescent females (N=317) that spanned the ages of 8 to 14 at baseline. We sought to determine whether ERP responses to gains and losses would change during this important period of development-and if this change 1 Using Principal Component Analysis (PCA) derived factor scores, Kujawa et al. (2017) found that the RewP factor scores for both gains and losses increased from late childhood to early and middle adolescence.
would relate to age. In addition, we were able to conduct two cross-sectional analyses, correlating age with ERPs at both baseline and follow-up. Based on the mixed findings reviewed above, our working hypothesis was that both ERPs to gains and losses would relate to age cross-sectionally and increase from baseline to follow-up; we had no specific hypotheses about which ERP would show greater age-related effects or stronger developmental increases.
Methods

Participants
Participants in the current study were part of a large and longitudinal study of adolescent Participants were recruited from the community through a commercial mailing list, using flyers and word of mouth. All participants and their parents provided informed consent and assent as approved by the Internal Review Board at Stony Brook University.
Doors Task
The doors task is a simple monetary reward task in which gains and losses are equiprobable (Proudfit, 2015). On each trial, participants were instructed to select between two identical doors displayed on a computer screen, using the left and right mouse buttons. The image of the doors remained on the screen until a choice was made. After making a selection, a fixation cross is presented for 1500 ms, followed by feedback stimuli that indicated whether the participant won (i.e., a green arrow pointing upward signified +$0.50) or lost (a red arrow pointing downward signified -$0.25) on that trial. The feedback stimuli remained on the screen for 2000ms. In between each trial, text appeared on the screen that instructed participants to "Click for next round", followed by a fixation cross presented for 1000ms. The task contained 30 gain trials and 30 loss trials, presented in pseudo-random order. The doors task was administered using Presentation, version 17.2 (Neurobehavioral Systems, Albany, Calif.). Participants were told that they could receive between $0 to $15 dollars (rounding up) at the end of the task based on their cumulative earnings; all participants received $8 for completing the task.
EEG Processing and Recording
Continuous electroencephalography (EEG) was recorded while participants completed the doors task. The EEG was recorded using the ActiveTwo BioSemi system (BioSemi, Amsterdam, Netherlands) with an elastic cap containing 34-electrode sites placed according to the 10/20 system (i.e., 32 channels plus FCz and Iz). Additional electrodes were placed above and below the left eye, and near the outer canthi of the left and right eyes to monitor vertical electrooculographic (VEOG) activity and horizontal electrooculographic (HEOG) activity. Two electrodes were placed on the left and right mastoids. The EEG signal was preamplified at the electrode to improve signalto-noise ratio, and data were digitized at a 24-bit resolution with a sampling rate of 1024 Hz using correlations. To examine condition differences both cross-sectionally and longitudinally, we utilized repeated measures ANCOVA with age as a continuous covariate. Finally, using Pearson's r, age at the baseline assessment was correlated with the change in ERP amplitudes to gains and losses from baseline to the follow-up assessment as well as the difference-based measures to determine whether age at baseline predicted within-subject developmental changes in ERPs.
Results
Baseline Assessment. Figure 1A .001). This interaction reflected the fact that although age was correlated with both the ERP response to gains (r = .30, p < .01; see Figure 2A ) and the ERP response to losses (r = .17, p < .01; see Figure 2B ), age was more correlated with the ERP response to gains than losses (z = 3.14, p < .01, two-tailed). Consistent with this, age was positively correlated with both the gain minus loss difference score (r = .21, p < .01) and the area around the peak of the difference (r = .13, p < .05; see Figure 5 ). Figure 4 (top) presents ERPs to gain and loss for younger ( Figure 4A In terms of the Condition X Age interaction, the mean ERP response to gains across both testing sessions was more positive among older participants (r = .32, p < .001) and the mean ERP responses to losses across both testing sessions was also more positive among older participants (r = .24, p < .001); the former relationship was significantly larger than the latter (z = 2.07, p < .05, two-tailed). The Condition X Time interaction reflected the fact that the ERP response to gains increased from baseline to follow-up (F (1,239) = 6.35, p < .05), whereas the ERP response to losses did not change (F (1,239) = .76, p > .30). However, these two-way interactions were qualified by a three-way Age X Condition X Time interaction; to explore this three-way interaction, we examined the Condition by Time interaction separately among older and younger participants based on a median split. The Condition X Time interaction was significant among 3 Age at baseline correlated with the residualized gain score (r = .26, p < .01) but not the residualized loss score (r = -.07, p > .20). Overall, the P300 to losses was more positive compared to the P300 to gains (F(1, 238) = 5.86, p < .05). In addition, there was a significant interaction between condition and age (F(1,238) = 6.61, p < .05). The condition by age interaction revealed the fact that the P300 to losses was significantly more positive than the P300 to gains among older participants (F(1, 121) = 5.15, p < .012) but not younger participants (F(1, 118) = .2, p > .20). The P300 was averaged separately for gain and loss trials and scored as the mean amplitude from 250 to 500 ms post feedback at Pz. 5 Identical effects were found using residualized gain and loss scores, and area around the peak of the difference waveform. For residualized gains, a 2 (Time: Baseline, Follow-up) repeated measures ANCOVA with age at baseline as a continuous covariate revealed a main effect of time (F(1, 238) = 7.30, p < .01) as well as a significant interaction between time and age (F(1,238) = 7.52, p < .01)-such that residualized gains increased more among younger participants. For residualized losses, a 2 (Time: Baseline, Follow-up) repeated measures ANCOVA with age at baseline as a continuous covariate revealed a significant main effect of time (F(1,238) = 4.50, p < .05) and a significant interaction between time and age (F(1, 238) = 4.76, p < .05), such that residualized losses decreased more among younger participants. Using the area around the peak of the difference waveform, a 2(Time: Baseline, Follow-up) repeated measures ANCOVA with age at baseline as a continuous covariate revealed that although there was a main effect of time (F(1,238) = 4.4, p < .05) and a significant interaction between age and time (F (1,238) = 4.18, p < .05), reflecting the fact that the area around the peak of the difference waveform increased more for younger participants. Figure 2D ; r = .272, p < .001)-though these correlations did not differ from one another (z = -.176, p > .05, two-tailed). Figure 4 presents ERPs from the follow-up assessment based on a mean split for younger ( Figure 4C ) and older ( Figure 4D ) participants. Consistent with the impressions from Figure 2 and 4, the gain minus loss difference waveform did not correlate with age (r = .022, p = .73); neither did the area around the peak of the difference waveform (r = -.038, p = .55). Thus, at the 2-year follow-up assessment, age was equally related to both the ERP response to gains and losses 8
Discussion
The present study utilized a longitudinal design to investigate developmental changes in the ERP response to gains and losses in a relatively large sample of adolescent females utilizing a simple gambling task. Age related to a larger (i.e., more positive) ERP response to gains and losses .01), and a smaller change in residualized losses (r = .14, p < .05). However, age at baseline did not relate to change in the ERP response to gains (r = -.05, p = .39) or the ERP response to losses (r = .112, p > .08). 7 The ERP response to gains was more positive than the ERP to losses at follow-up when age was not included as a continuous covariate (F(1, 247) = 172.11, p < .001). 8 Age at the follow-up assessment did not correlate with residualized ERPs to gains (r = .08, p > .15) nor did it correlate with residualized ERPs to losses (r = .10, p > .11)
at baseline, when the sample was 8 to 14 years old; moreover, age-related effects at baseline were stronger for gains than losses such that the difference between gains and losses also related to age at baseline. Importantly, in within-subject analyses, the amplitude of the ERP response to gains, but not losses, significantly increased from baseline to follow-up-and this effect was only evident among younger participants. Younger participants were characterized by a larger increase in the gain minus loss difference waveform, the area around the peak of the difference waveform, and the residualized ERP response to rewards from baseline to follow-up. By the follow-up assessment, conducted when participants were 10 to 16, the ERP responses to both gains and losses were equally correlated with age. Thus, at follow-up assessment there was no longer evidence for specific age-related correlations with reward-related neural activity. Collectively, these withinand between-subjects findings suggest a relatively specific developmental increase in rewardrelated brain activity from late childhood to adolescence-an increase which may peak somewhere around age 12. These results are consistent with previous cross-sectional and longitudinal fMRI studies where ventral striatal response to reward versus loss or versus no-reward increases from late childhood through mid/late adolescence, before declining into adulthood (Braams, 
